In November 2004 a catastrophic windstorm destroyed a large part of the spruce forest in the Tatra National Park (Slovakia). The majority of the windthrown area was cleared; only a small part was left uncleared, thereby allowing regeneration by natural succession. The aim of the present study was to assess the impact of the different forestry practices on soil Oribatida. Three different stands were selected for the study, where sampling took place in June and The mean abundance of adults and juveniles was several times higher in stands left for natural development (NEX) than in EXT stands. The highest species richness was observed in REF, followed by NEX and EXT stands. Ordination method showed differences in species composition between studied treatments. Furthermore, a much lower abundance of Hermannia gibba, a dweller of leaf litter and upper soil layers, was recorded in cleared stands compared to the other stands. Indeed, windthrown stands had an obvious lower species richness than control stands. The ordination method used demonstrated a significant influence of both treatment and sampling date on the abundance and species richness of Oribatida. The present study showed that clear-cutting of wind-damaged spruce forest markedly decreases the abundance of soil Oribatida compared with windthrown forest stands left to natural succession.
Introduction
Storm events are the most important natural large-scale disturbances that affect stand structures of both natural and managed forests in Central Europe (Fisher et al. 2002) . Disturbances vary in intensity, size, frequency, and they may strongly influence the rate and pattern of ecosystem recover (Turner et al. 1998 ). The range of intensity of disturbance, from gales to catastrophic windstorms, leads to different types of openings, ranging from treefall gaps (individual tree death) to windthrow gaps (multiple trees blown down on several ha during a storm event) (Bouget & Duelli 2004) . Tree-fall gaps are places where the forest ecosystem is destabilized and thereafter may renew itself or on the contrary may evolve towards another ecosystem, showing either a co-adaptation between the sylvigenetic and the edaphic cycle, or discordance between these two cycles (Arpin et al. 1998) . Indeed, it has been said, windthrow disturbance, if not catastrophic, is one of the major agents generating a mosaic of heterogeneous habitat patches at various spatial scales (Sinton et al. 2000) , and that catastrophic windthrow causes a complete destruction of the tree canopy, significant soil perturbation (major changes in soil structure, temperature and moisture, and light availability) (Ulanova 2000; von Oheimb et al. 2007) .
Leaf litter arthropods are important in many forest ecosystem processes, as they help to regulate nutrient dynamics and soil quality, and are therefore also useful bioindicators of ecosystem condition and change (Bird et al. 2004) . Windfall disturbance strongly influences the distribution and abundance of leaf litter forest arthropods.
There were many studies about the effect of windthrow on forest soil communities (e.g., Ulanova 2000; Bouget & Duelli 2004; Hirao et al. 2007; Ilisson et al. 2007; Firm et al. 2009 ). Due to fear of insect outbreaks and fire hazard, harvesting fallen timber after storm damage is a standard forestry practice (Ilisson et al. 2007 ). Harvesting directly affects both composition and function of arthropod communities through the reduction and redistribution of organic matter, compaction, changes in plant cover, and modification of microclimate, which all affect the distribution, composition activity of the soil biological communities (Mar -Table 1 . Characteristics of study stands (Gömöryová et al. 2008 shall 2000). The results of many studies suggest that arthropod diversity declines after harvesting fallen timber (Bellocq et al. 2001; Moore et al. 2002; Lindo & Visser 2003 . Reduced abundance has been observed for mites (Karppinen 1957; Huhta et al. 1969; Addison & Barber 1997) and larval Diptera (Addison & Barber 1997) . On the other hand, an increase was observed for enchytraeids by Huhta et al. (1969) , who also noted a rapid increase in the number of soil springtails 2-3 years after clear-cutting; whereas Čuchta et al. (2012) reported a decline in numbers after the clearing of fallen timber. However, Addison & Barber (1997) observed, that Collembola were unaffected by clearcutting. In November 2004 a severe wind destroyed roughly 12,600 hectares (about 50%) of the spruce forest on south-east slopes of the High Tatra National Park. A large part of the damaged forests was clear-cut to prevent insect outbreaks or fire damage, and only a small part (1.55% of damaged forest) was left to natural succession (Falťan et al. 2008 ). Long-term research plots were established in the High Tatra Mts in 2005 to allow monitoring of abiotic environments, and vegetation and fauna across plots under different management. The plots were incorporated in an experimental platform for ecological research (EXPEER, 7th FP EU) for systematic assessment and monitoring of conditions in forest ecosystems after a windthrow episode. Šoltés et al. (2010) studied early succession pathways of understory vegetation in the plots. Jonášová et al. (2010) evaluated the development of natural regeneration in the cleared and uncleared areas to assess the regeneration capability of the windthrown forests. Several other studies have focused on the responses of soil biota to different management regimes in the plots of monitored windthrown stands, e.g., microorganisms (Gömöryová et al. 2011) , nematode communities (Čerevková & Renčo 2009 ) and soil Collembola (Čuchta et al. 2012) .
The aim of this study was to assess the influence of different management practices on the abundance and diversity of soil oribatid communities in damaged spruce forest stands in the High Tatra Mts two years after the windthrow event. We hypothesized that the abundance and species diversity of oribatid mites in clear-cut windthrown stands from which fallen wood had been harvested would be reduced compared with those windthrown stands that had been left to natural succession and intact forest stands.
Material and methods
The study of soil Oribatida was investigated within three different management stands of disturbed spruce forests in the Tatra National Park in High Tatra Mts (Slovakia). Characteristics of study stands are given in Table 1 .
( (Gömöryová et al. 2011 ). Soil profile: 0-2 cm litter (spruce needles), 2-6 cm humus layer, 6-10 (15) cm dark brown mineral layer, under 15 cm and lower transition to paler mineral layer with stones.
(2) EXT -windthrown forest stand subsequently clear-cut and tree stumps harvested (cleared stand), locality Danielov dom near Nová Polianka village (EXT 1 -49
• 7 17.4 N, 20
• 9 45.6 E, 1,066 m a.s.l.; EXT 2 -49
• 7 19.6 N, 20
• 9 46.3 E, 1,070 m a.s.l.; EXT 3 -49
• 7 22 N, 20
• 9 48.2 E, 1,074 m a.s.l.). In EXT stands, a large part has been overgrown by weeds, especially Calamagrostis villosa (Chaix) and Avenella flexuosa (L.) (Gömöryová et al. 2011) . Soil profile: 0-2 cm litter (spruce needles), 2-6 cm humus layer, 6-10 (15) cm dark brown mineral layer, 10-15 cm transition to grey or pale brown mineral layer with stones.
(3) NEX -windthrown forest stand left to natural succession (uncleared stand), locality Jamy near Tatranská Lomnica town (NEX 1 -49
• 9 31.8 N, 20
• 15 5 E, 1,078 m a.s.l.; NEX 2 -49
• 9 31.2 N, 20
• 15 6 E, 1,078 m a.s.l.; NEX 3 -49
• 9 30 N, 20
• 15 5.2 E, 1,075 m a.s.l.). In NEX stands, ground-layer vegetation was slightly changed compared to closed forest; light demanding grasses and herbs occur in a mosaic in gaps (Gömöryová et al. 2011 ). Forest floor covered with coniferous litter, mosaic cover of Polytrichum moss. Soil profile: 0-2 cm litter (spruce needles), 2-6 cm humus layer, 6-10 (15) cm dark brown mineral layer, 10-15 cm often sandy with stones.
Soil samples were taken in June and October 2006. Within each treatment, three plots were selected in reciprocal distance of roughly 100 m. Sampling plots were about 25 × 25 m in area; during sampling, six replicate soil cores were taken randomly with a steel corer from each individual plot (18 soil samples from each treatment). The samples represented soil cores of 3.6 cm in diameter (10 cm Explanations: W -average gravimetric soil moisture (% of initial weight), SD (W) -standard deviation of moisture values, pH -soil acidity, C -soil carbon content (% of initial weight), N -soil nitrogen content (% of initial weight), Ca -soil calcium content Ptottotal phosphorus content in the soil; for study stands see text. ratory in plastic bags and subsequently extracted in a modified high-gradient apparatus (Crossley & Blair 1991) for 7 days with 75 % ethanol as a preservative. Oribatid mites were sorted using binocular stereomicroscope and stored in 75% ethanol for identification. Specimens of Oribatida were sorted in adults and juveniles and adults determined into the species. Adults were mounted to temporary microscopic slides with lactic acid and identified to the species using a light microscope following Weigmann (2006) . Community parameters were calculated for comparison of the oribatid mite assemblages in the study stands: abundance (A), species richness (S), Shannon index of diversity (H ) and Pielou index of evenness (J ). According to the Shapiro-Wilk W-test the data were not normally distributed, therefore Kruskal-Wallis non-parametric ANOVA with multiple comparisons of mean ranks for all groups was used to determine the significant differences between abundance values of oribatid mites in particular treatment combined with sampling date (Statistica for Windows, version 9.0). At first, DCA ordination method was done on abundance data of oribatid species, where only species with less than 10 individuals totally were excluded (it means 33 most abundant species were entered). As length of gradient was very low (1.25), consequently PCA linear ordination method was performed to evaluate similarity of the oribatid communities at particular treatments and dates. This analysis was treated by Canoco for Windows 4.54 (Ter Braak & Šmilauer 2002) .
Soil-chemical parameters of particular study plots were analyzed (Table 2), i.e., soil pH (Kubíková 1970) , carbon content (Králová et al. 1991) , total nitrogen content (Tahovská et al. 2010) , phosphorus content (Murphy & Riley 1962; Watanabe & Olsen 1965; Sommers & Nelson 1972) , and soil sodium, potassium and calcium (Kubíková 1970; Nedoma 1990) . Soil acidity and the content of soil nutrients were measured once in 2007. During each sampling 3 soil samples were taken from each plot for gravimetrical analysis of the soil moisture (dessication at 105
• C for 24 h).
Results
A total of 13,215 oribatid individuals (8,009 adults and 5,206 juveniles) and 66 species were collected in June Explanations: Significant differences (P < 0.05) between treatments combined with date are indicated by different lowercase letters, for abbreviations of treatments see text. Differences in abundance of adults and juveniles between stands were well documented by boxplot diagram ( Fig. 1) and statistically by Kruskal-Wallis test (Table 3 and 4) .
The highest species richness was observed in control stands (REF) (46 species) and the lowest in EXT stands (39 species) ( Table 2 ). The highest average value of Shannon diversity index was recorded in EXT stands (2.66 ± 0.02), slightly lower in REF (2.63 ± 0.06) and the lowest in NEX stands (2.59 ± 0.06). Similarly Pielou's eveness index was the highest in EXT stands (0.77 ± 0.02), followed by NEX (0.73 ± 0.02) and REF (0.72 ± 0.01) stands.
The PCA analysis showed differences in communities of Oribatida between study stands (Fig. 2) . Caleremaeus monilipes, Carabodes areolatus, Carabodes rugosior, Conoppia palmicincta, Chamobates voigtsi and Oribatella quadricornuta were limited to these stands in low abundances. Nothrus silvestris preferred NEX stands with abundance considerably higher compared to other stands under study. Acrogalumna longipluma, Ceratozetes (Ceratozetella) thienemanni, Melanozetes mollicomus, Nanhermannia elegantula, Oppiella (Rhinoppia) subpectinata, Oppiella sp. presented in REF and NEX stands were totally absent in EXT stands.
In harvested stands (EXT) Fuscozetes setosus (A = 4,750 ind. m −2 ) was the most abundant, followed by Tectocepheus velatus velatus (A = 3,500 ind. m −2 ) and Oppiella falcata (A = 2,194 ind. m −2 ). Ceratoppia sexpilosa, Ceratozetes minimus, Eremaeus hepaticus, Eueremaeus oblongus, Eueremaeus silvestris, Chamobates spinosus, Nanhermannia nana, Oppiella maritima, Scheloribates pallidulus, and Xenillus tegeocranus were limited to EXT stands in considerably low abundances. Euphthiracarus monodactylus preferred these stands since its abundance was two times higher compared with other treatments.
Discussion
General forestry practice prescribes salvage harvesting after heavy storm damage because of the fear of insect outbreaks and fire hazard (Ilisson et al. 2007) . For this reason only 1.55% of total area of spruce forests in the High Tatra Mts damaged by wind was left to natural succession.
We recorded reduced oribatid mite abundance in damaged forest stands (NEX and EXT) compared with control stands (REF) two years after the windstorm. The highest decrease of abundance was observed in EXT stands, from which fallen timber and badly damaged trees were removed. Numerous studies have reported a reduction in numbers of soil arthropods following clear-cutting (Bellocq et al. 2001; Moore et al. 2002; Lindo & Visser 2003) . A sharp decrease of oribatid populations was reported by Huhta et al. (1969) and Lindo & Visser (2004) after clear-cutting. Moreover, Čuchta et al. (2012) observed a decrease in abundance of soil Collembola after clear-cutting in the same study stands of the High Tatras. Karppinen (1957) ascertained that the oribatid mites in a ten-year-old, clear-cut area still amounted to only about half the number found in a similar area one year after cutting. Furthermore, Maraun et al. (2003) found that the density of oribatid mites was gradually reduced with increasing intensity of mechanical perturbation. Such reduced abundances of soil fauna following forest harvesting have been attributed to decreases in organic matter, reduction of soil pore and to changes in microclimate and soil properties (Lindo & Visser 2004) . Indeed, reduced microarthropod abundance may be detrimental to soil processes, and preservation of soil biodiversity should be considered an integral component of forest management practices (Marshall 2000) .
In EXT stands, great population decrease recorded of the forest species Hermannia gibba, which inhabits the litter layer and upper soil horizon (Wallwork 1976) may be related to removal of organic matter after clearing the damaged forest. Similarly, Battigelli et al. (2004) observed a decrease in density and number of Oribatida species when organic matter (soil with roots) had been removed. On the contrary, Berch et al. (2007) did not point out a significant difference in the density and number of Oribatida species when comparing control sites with treated sites from which the upper layer of soil had been removed.
Diversity indices of oribatid mites were higher in clear-cut stands (EXT) compared with control stands (REF) . The same results were obtained by Lindo & Visser (2004) . The increase of diversity indices in windthrown stands is probably related to the decrease in the abundance of Oppiella falcata and Oppiella nova. The decrease of their abundance in windthrown stands was proportionally greater than of any other oribatid mite species, thus leading to greater evenness of species within the oribatid community. Species numbers were higher in REF stands compared with windthrown stands. The species composition of communities in stands differed considerably between treatments. Several species, e.g., Acrogalumna longipluma, Ceratozetes thienemanni and Nanhermannia sellnicki, were absent in cleared stands (EXT) probably due to changes in microclimatic and edaphic conditions after clear-cutting. On the other hand, species from the family Eremaeidae were present only in EXT stand. The occurrence of Eremaeus hepaticus, Eueremaeus oblongus and Eueremaeus silvestris is often associated with surface residues (tree bark, branches, decaying wood) left after forest harvesting (Maraun et al. 2009; Fischer et al. 2010) . Maraun & Scheu (2000) observed that Oppiidae are generally abundant in forest soils whereas in strongly disturbed habitats their density is lower, which is in agreement with the distribution of this family in the present study. Generally, Oribatida have low dispersal capabilities and are not able to recolonize disturbed habitats immediately, as they are mostly K-selected organisms with low fecundity and a relatively long life cycle and do not recover quickly from reduced population numbers (Maraun & Scheu 2000) . Some families and species of oribatid mites are known to be thelytokous (parthenogenic) and may have an advantage over other species that allows population size to increase rapidly following a disturbance. Among Oribatida species, Tectocepheus velatus is characterised by a short life cycle, high reproduction rates and high colonization ability (r-strategist). It is often recorded as superdominant in very heavily disturbed habitats (Gulvik 2007) . We observed a slight decrease in the abundance of Tectocepheus velatus velatus in EXT and NEX stands in comparison with intact stands. However, contrarily, the abundance of Tectocepheus velatus sarakensis in these two stands increased.
Differences in abundance and diversity of Oribatida communities observed between windthrown stands and intact forest stands may be attributed to the changes in microclimatic and edaphic conditions induced by windstorm and the subsequent forest management. Oribatida contribute considerably to decomposition of organic matter, renewal of the microbial biomass and to nutrient dynamics in the soil and litter horizons (Migge et al. 1998) . Oribatid populations may also reflect changes in the amount and distribution of organic material and fluctuations in food resources like fungi, which are affected by clear cutting (Huhta et al. 1969; Abbot & Crossley 1982) . Additionally, a decrease of microarthropod abundance may be detrimental to soil processes since changes in the community composition through environmental change can reduce decomposition and nutrient mobilisation (Bradford et al. 2002) . Thus, preservation of soil biodiversity should be considered as an integral component of forest management practices.
Conclusions
Our results indicate that management practices had a considerable effect on the community structure of Oribatida. Significantly lower abundance of Oribatida was observed in clear-cut stands (EXT) compared with control spruce forest (REF), while being comparable between stands left for natural development (NEX) and control stands. Furthermore, significant differences in abundance of Oribatida were found between NEX and EXT stands. Species composition of Oribatida was more similar between NEX and REF stands than between REF and EXT. In clear-cut stands substantial abundance decreases in several species were measured: Hermannia gibba, Oppiella nova and Ceratozetes (Ceratozetella) thienemanni Based on results of the present study, leaving of trees damaged by wind on the soil surface appears to be more suitable forest management practice for the soil biota than clear-cutting.
